Introduction
Endotoxemia is a common predisposing factor to refractory endotoxin shock, characterized by profound breaths/min with an inspiratory : expiratory ratio of 1 : 1. After these preparatory procedures, the animals were rested for more than 30 min to allow the blood gases and hemodynamic parameters to stabilize.
Experimental protocols
After baseline measurements, animals were allocated randomly to one of four groups (n ϭ 12 per group).
Endotoxin-alone group (group E)
Endotoxin (15 mg·kg Ϫ1 ) was injected intravenously over 2 min to induce endotoxemia. We used lipopolysaccharide derived from Escherichia coli (0111:B4; Difco, Detroit, MI, USA) as endotoxin.
Small-dose treatment group (group S)
Propofol (1% propofol injection "Maruishi"; Maruishi Seiyaku, Osaka, Japan) was administered intravenously at a constant rate of 5 mg·kg
, starting immediately after endotoxemia was induced as for group E. Propofol used in this study does not contain edetate disodium as a preservative.
Medium-dose treatment group (group M)
Propofol was administered at a constant rate of 10 mg·kg Ϫ1 ·h Ϫ1 . Otherwise, the animals were handled identically as in group S.
Large-dose treatment group (group L)
Propofol was administered at a constant rate of 20 mg·kg Ϫ1 ·h Ϫ1 . Otherwise, the animals were handled identically as in group S.
Rectal temperature was maintained between 36° and 38°C using a heating pad. An arterial blood sample (0.25 ml) was drawn hourly throughout the 5-h observation period for the measurement of arterial pH (pHa), CO 2 tension (Pa CO 2 ), O 2 tension (Pa O 2 ), and the bicarbonate concentration. Furthermore, arterial blood samples (1.0 ml) were drawn for the measurement of plasma cytokine (TNF-α and IL-6) concentrations at 2, 4, and 5 h after the endotoxin injection. The total amount of blood drawn from each animal was 5.5 ml over 5 h.
Sample analysis
Blood samples drawn to determine cytokine concentrations were centrifuged for 10 min at 3000 g at 4°C. Plasma was then decanted and stored at Ϫ70°C until analysis. Cytokine concentrations were measured with an enzyme-linked immunosorbent assay (BioSource, Camarillo, CA, USA). The lower limits of detection for TNF-α and IL-6 were 4.5 pg·ml Ϫ1 and 7.0 pg·ml Ϫ1 , respectively.
Statistical analysis
Data are presented as mean Ϯ SD. Differences between groups at baseline were analyzed with unpaired Student's t test. Hemodynamic and cytokine changes during the study were analyzed by using two-way analysis of variance with repeated measures followed by a post hoc test (Bonferroni's method). Statistical analyses were performed using Stat View (version 5.0, Abacus Concepts, Berkeley, CA, USA). Statistical significance was defined as P Ͻ 0.05.
Results

Hemodynamics
No significant differences were noted in the systolic arterial pressure (SAP) at baseline among the four groups ( Fig. 1) . Endotoxin injection decreased SAP progressively, and SAP became significantly lower at 5 h after endotoxin injection compared with baseline values in all groups (P Ͻ 0.05). However, significantly higher SAP was observed at 4 and 5 h after endotoxin injection in groups S and M than in group E (P Ͻ 0.05), but not in group L (P ϭ 0.16). Heart rate (HR) did not differ significantly among the four group at any point during the 5-h observation period (see Fig. 1 ).
Plasma cytokine concentrations
All baseline values of plasma cytokine concentrations did not differ significantly among the four groups (Fig.  2) . Although endotoxin injection increased TNF-α concentration at 2 h after the injection in all groups, the concentration was significantly lower in group M (P Ͻ 0.05) than in group E, but not in groups S (P ϭ 0.18) and L (P ϭ 0.32). IL-6 concentration was increased progressively in all groups, but significantly lower IL-6 concentrations were observed at 5 h after endotoxin injection in groups M (P Ͻ 0.05) and L (P Ͻ 0.05) than in group E, but not in group S (P ϭ 0.96). No significant differences between group M and group L were noted in the IL-6 concentration.
Blood gases
The Pa CO 2 and Pa O 2 values did not differ significantly among the four groups at any point during the 5-h observation period (Table 1) . No significant differences were noted in baseline values of pHa and base excess among four groups (Table 1) . However, the pHa and base excess values declined progressively in group E and were significantly lower at 5 h after endotoxin injection in group E than in all groups with propofol administration (P Ͻ 0.05).
Discussion
The results from groups E and M reconfirmed the results of our previous study that propofol inhibited hypotension, metabolic acidosis, and cytokine responses in rats injected with endotoxin [7, 8] . The present study demonstrated that these effects of propofol were influenced by the dose of propofol. Small and medium doses of propofol attenuated the severity of hypotension in endotoxemic rats, but a large dose of propofol did not. Regarding the antiinflammatory effects, only a medium dose of propofol inhibited an increase in concentrations of both TNF-α and IL-6. These correlations among propofol dose and hemodynamic and cytokine responses to endotoxemia are the most important findings in our study.
Of particular interest is the relationship of propofol dose and antiinflammatory effects. Previous in vitro studies demonstrated conflicting results as to whether propofol exerts dose-related effects on endotoxemia [9, 10] , and in vivo studies are few. Our present study showed that only a medium dose of propofol inhibited an increase in the TNF-α concentration. In contrast, the inhibitory effects of propofol on IL-6 concentrations hit the ceiling in a large dose, and the antiinflammatory effects were demonstrated in a large dose as well as in a medium dose. Consequently, we have concluded that the effects of propofol on the concentrations of both TNF-α and IL-6 are dose independent.
Several investigations have indicated that a large dose of propofol administration reduced myocardial Fig. 1 . Heart rate (HR) (top) and systolic arterial pressure (SAP) (bottom) at baseline and after endotoxin injection (mean Ϯ SD). Open circles, endotoxin-alone group; closed circles, small-dose treatment group; open squares, mediumdose treatment group; closed squares, large-dose treatment group. *P Ͻ 0.05 vs endotoxin-alone group at each observation point Fig. 2 . Changes of plasma tumor necrosis factor (TNF)-α (top) and interleukin (IL)-6 (bottom) at baseline and after endotoxin injection (mean Ϯ SD). Open circles, endotoxinalone group; closed circles, small-dose treatment group; open squares, medium-dose treatment group; closed squares, largedose treatment group. *P Ͻ 0.05 vs endotoxin-alone group at each observation point contractility and dilated peripheral vessels [11] [12] [13] . Our study showed that a large dose of propofol neither improved endotoxin-induced hypotension nor attenuated proinflammatory cytokine responses as much as a medium dose. These findings suggest that the antiinflammatory effects of propofol could be less prominent than the inhibition of cardiac function, and may be one of the reasons that the antiinflammatory effects of propofol were not dose dependent in vivo. Further investigations are needed to clarify the mechanisms responsible for the changes of antiinflammatory effects by the dosage of propofol.
An important question of whether lipid as a solvent for propofol has antiinflammatory effects remains unanswered. Heine et al. [14] documented that lipid inhibited the respiratory burst of neutrophils, whereas Mikawa et al. [9] showed that the amount of lipid contained in a propofol formulation had no effect on the reactive oxygen species generated by neutrophils. Further studies are needed to answer this question.
Critically ill patients with sepsis and in septic shock suffer a high degree of stress because of pain, anxiety, and organ-specific responses to sepsis. An important objective in the management of these patients is to achieve an adequate level of sedation. Our findings suggest that propofol may have the advantage of preventing inflammatory responses in septic patients, but this
